The Cities Research Program has as its primary goal the study of the role of cities as engines of prosperity. The different lines of research currently being developed address such critical questions as the determinants of city growth and the social relations established in them, agglomeration economies as a key element for explaining the productivity of cities and their expectations of growth, the functioning of local labour markets and the design of public policies to give appropriate responses to the current problems cities face. The Research Program has been made possible thanks to support from the IEB Foundation and the UB Chair in Smart Cities (established in 2015 by the University of Barcelona). The IEB working papers represent ongoing research that is circulated to encourage discussion and has not undergone a peer review process. Any opinions expressed here are those of the author(s) and not those of IEB.
Introduction
Despite decreasing income inequality levels in the past decade, Brazil still ranks as one of the most unequal countries in the world. According to UN data, its ratio of the average income of the richest 10 percent to the poorest 10 percent was 40.6 in 2012, the 10th highest level in the world by this measure. At the same time, the country has gone through a profound urbanization process. Starting in the 1950s and for three decades, millions of lower-income people migrated from rural to urban areas. At that time, migration was directed disproportionally to already large metropolises, where location happened -mostly informally-in peripheral urban areas (Villaça, 1998 , Telles, 1995 . The following decades have been characterized by a shift towards high population growth in small and medium size cities, and stagnant population growth rates in large metropolises.
As a result, Brazil today has a highly complex urban system, with monocentric and polycentric metropolitan areas ranging from global megacities to upcoming regional urban centers (IPEA, IBGE, and UNICAMP, 2002). A fast-paced urbanization process under high income inequality has led to high asymmetries in the access to transportation, basic public services and urban amenities across income groups, related to different urban shapes. Given the diverse urban footprints that have resulted from an accelerated process of urbanization in Brazil, it may be worth going beyond considering an aggregate measure that carries no information about the actual use of urban space such as average population density to more informative measures of the disposition of population of different income levels and employment in space.
In this paper, we investigate the relationship between the urban spatial structure of Brazilian cities and their income segregation. Income segregation can be defined as the uneven sorting of households according to their income level within the urban space (Reardon and Bischoff, 2011) .
Urban spatial structure is the degree of spatial concentration of jobs and their intrametropolitan spatial distribution (Horton and Reynolds, 1971 , Anas, Arnott, and Small, 1998). Specifically, we address two questions: Do local job density conditions affect income segregation? Does monocentricity-polycentricity foster income segregation? For these two questions, we also analyze how these relationships change with city size and income level.
Regarding our methodological approach, we first construct measures of income segregation for the years 2000 and 2010 for 121 urban agglomerations (UAs) in Brazil. Specifically, we use enumeration area level information to calculate rank-order measures of income segregation (Reardon and Bischoff, 2011, Monkkonen and Zhang, 2014) . These measures are independent of shifts in the income distribution levels, and can be used to obtain consistent and comparable measures at different points of the income distribution. In this way, we also obtain measures of the segregation of the rich (90th percentile of the income distribution) and the segregation of the poor (10th percentile) (Reardon and Bischoff, 2011 , Chetty, Hendren, Kline, and Saez, 2014).
On the other hand, we use detailed information on the intrametropolitan distribution of employment to identify and characterize the urban spatial structure of the urban agglomerations.
First, our main explanatory variable is the city average job density in a 1-km radius surrounding each enumeration area. This 1-km density summarizes both the spatial concentration and the in-trametropolitan distribution of jobs (Duranton and Turner, 2016) . Second, we rely on the method developed by McMillen (2001) to identify the number of employment subcenters. According to this number, urban agglomerations are classified as monocentric (one center, the Central Business District or CBD) or polycentric (two or more centers, the CBD and subcenter/s). Third, we compute the degree of monocentricity-polycentricity with the urban centrality index proposed by Pereira, Nadalin, Monasterio, and Albuquerque (2013) . Finally, we also characterize urban agglomerations computing the average distance from the CBD and the job population ratio.
Using data for 2000 and 2010 and Instrumental Variables (IV) techniques, we regress the log of our rank-order measure of income segregation on the log of urban spatial structure variables, while controlling for informality, inequality, geography, demography and industrial composition. Our results show that, first, local density conditions increase income segregation: the effect is higher in monocentric cities and smaller in polycentric ones. Second, the degree of monocentricity-polycentricity also affects segregation: while a higher concentration of jobs in and around the CBD decreases segregation in monocentric cities, a higher employment concentration in and around subcenters located far from the CBD decreases segregation in polycentric cities.
Third, results are heterogeneous according to city size: local density does not increase segregation in small (monocentric) cities, it increases segregation in medium size cities, and it decreases segregation in large (polycentric) cities. Finally, results also differ between income groups: while local density conditions increase the segregation of the poor, a more polycentric configuration reduces the segregation of the rich.
To the best of our knowledge, there are no works analyzing the relationship between urban spatial structure and income segregation. The questions of whether and how urban spatial structure affects income segregation contribute to debates weighting the equity effects of urban policies such as zoning laws and urban plans affecting the distribution of employment within cities (OECD, 2018) . Our results could shed light, for instance, on the expected effect of compact city interventions on income segregation in cities of different sizes and shapes. Previous related research has studied the relationship between income segregation and population density (Pendall and Carruthers, 2003, Wheeler, 2008) . Population density is a city-level measure that does not take into account the intrametropolitan distribution of households of different income levels and firms. Furthermore, income segregation is measured with a dissimilarity index, which suffers from a number of limitations including scale sensitivity issues (Reardon and O'Sullivan, 2004) . On the other hand, a number of works have analyzed the consequences of segregation on outcomes such as poverty and upward mobility (Ananat, 2011 , Chetty et al., 2014 , but have not considered the spatial structure of cities. Moreover, much of the focus of the income segregation literature has been on metropolises (Villaça, 1998 , Monkkonen and Zhang, 2014, Feitosa, Le, Vlek, Monteiro, and Rosemback, 2012), but not much is understood about the determinants of segregation across entire urban systems. We aim to provide a complete account of income segregation levels and changes (also by income groups), an account of the different urban spatial structures present in the Brazilian urban system, and econometric evidence on the relationship between the two.
After this introduction, Section 2 summarizes some predictions regarding the relationship between income segregation and urban spatial structure. Section 3 details data sources and the measurement of income segregation. Section 4 presents the data and the different measures of urban spatial structure. Section 5 develops our econometric approach. Section 6 discusses the results, and Section 7 concludes.
Theoretical predictions

Models with residential mobility and firm immobility
In the the classical monocentric land use model by Alonso (1964) , Mills (1967) and Muth (1969) (hereafter AMM), all firms have a fixed location and concentrate at a unique CBD where workers commute to work. As there are commuting costs per unit of distance, there is high demand for land near the CBD, making living space at those locations smaller and more expensive. In the spatial equilibrium, longer commutes are perfectly compensated by a lower price of living space.
In a setting with two income groups, the rich and the poor, the rich locate far away from the CBD if their willingness to pay for housing when moving away from the CBD decreases more slowly than that of the poor. In models introducing two commuting modes with different speeds (e.g. the car and public transport), the rich commute longer distances faster by car, while the poor remain in central areas and commute using public transport, as long as the elasticity of housing demand with respect to income is greater than the elasticity of commuting costs per unit of distance with respect to income (LeRoy and Sonstelie, 1983, Glaeser, Kahn, and Rappaport, 2008). 1 This condition can be overturned by high congestion and its consequent high time costs, which can lead to a 'return to the city' process, where the rich move from the suburbs back to central areas, trading off living space for proximity to jobs.
The basic AMM model rests on the assumption that all intra-urban locations are homogeneous in terms of amenities, including the provision of public services. Including a spatial restriction on the provision of public services can lead to the prediction that the rich locate in well-provided areas, whereas the poor locate in under-provided areas (Griffin and Ford, 1980 , Cheshire, Monastiriotis, and Sheppard, 2003) . This pattern is reinforced by any other additional attribute of well-provided places, such as cultural amenities (Brueckner, Thisse, and Zenou, 1999) . In cities with a high share of young people, preferences also play a role, for instance if young, rich small households trade off housing space for local amenities (Glaeser, 2008) .
Lack of infrastructure provision across the whole city can also limit the supply of formal housing to a few specific areas in the city (Posada-Duque, 2015). Limited provision to central areas can lead the rich to segregate in more dense, vertical neighborhoods located near the CBD, while the poor would scatter in low-rise informal constructions around the periphery (Henderson, Regan, and Venables, 2016, Feler and Henderson, 2011) . The residential mobility of the rich is spatially constrained to within the best served area in the city, where rental prices would be considerable higher because they integrate the valuation for proximity to public services and local amenities (Cheshire et al., 2003) . The rich can also influence zoning laws and the concentration of provision of public infrastructure and services, especially in contexts of high segregation (Cutler, Glaeser, and Vigdor, 1999, Tiebout, 1956) , further reinforcing the segregation of those at the top of the income distribution. The eventual extension of the public infrastructure network to non-central areas can also be accompanied by the emergence of rich neighborhoods in the suburbs where the demand for single-family larger homes is met. Note that as long as these new neighborhoods remain homogeneous in terms of their income composition -that is, if there an exclusionary mechanism in place, such a substantial premium for exclusive local amenities -, the level of segregation of the rich would remain high.
Furthermore, in models that consider the durability of housing stock (Brueckner and Rosenthal, 2009 ), the prediction that the older hosing stock located near the CBD previously used by the rich filters down to the poor may have restricted validity for the bottom income groups who have tight residential mobility restrictions related to the difficulty of accessing credit for informal workers, the insecurity of tenure and poor definition of property rights that increase permanence in informal plots. More generally, housing demand for those at the bottom of the income distribution is also constrained by increasing housing demand, economic stagnation, deterioration of real income and persistent income inequality, and stricter regulations to build (Cavalcanti and Da Mata, 2013) .
Models with residential mobility and firm mobility
So far we have not taken into account the location decisions of firms. The agglomeration of (formal) employment may be yet another element contributing to the spatial concentration of the rich in central areas. Without changing the assumption of firm immobility, Muth (1969) shows that allowing for multiple employment centers does not alter the main predictions of the monocentric model: the behaviour around each subcenter is the same as around the CBD.
However, the number of subcenters and their location is exogenously given.
The seminal model of Fujita and Ogawa (1982) considers both residential and job location decisions of households, and the location decisions of firms. Firms agglomerate to take advantage of a locational potential (associated with positive agglomeration externalities that occur at short distances, such as knowledge spillovers). Under certain parameter values (including low commuting cost), a similar structure as in the AMM model arises, with all firms agglomerating in one location. However, other parameter specifications such as higher commuting costs lead to the emergence of employment subcenters and the consequent mixed used of land.
This model, and more sophisticated versions of it (Lucas and Rossi-Hansberg, 2002), although highly complex, do not explicitly consider the location decisions of households of different income levels. They also rest on the assumption of homogeneous provision across the city. Under asymmetric provision, besides agglomeration economies, the same factors pulling together rich households, such as the higher availability of amenities and better transport connectivity, could be pulling together (formal) firms and slowing down a process of employment decentralization.
Once it occurs, the decentralization of employment could have an impact on residential segregation by levels of income depending on how distant the new employment subcenters are from the CBD and the area where the rich reside. For instance, if the provision of public infrastructure and amenities is incremental from the historical CBD (towards an expanded CBD), and both rich households and firms de-concentrate in the proximities of the historical CBD as a result, the decentralization of employment would not be necessarily associated with lower residential segregation. However, new subcenters could also arise in peripheral locations from the need to benefit from lower rents and inter-city transport connections. These centers could release some of the pressure to locate in central areas for higher-income households, and favor a more even dispersion of households of different income levels across the city. Still, the segregation of the poor may not decrease if there is a large percentage of informal workers and informal employment centers are located far away from formal employment centers, for instance in lower income neighborhoods. In this case, informal workers may trade-off higher incomes in the formal sector for lower rents and lower commuting costs as long as they can find informal jobs in their local area (Moreno-Monroy and Posada, 2014). 
Income segregation in Brazilian cities
Dimensions of segregation
As explained by Reardon and O'Sullivan (2004) , there are two conceptually different dimensions to spatial segregation: 1) spatial exposure (or spatial isolation), and 2) spatial evenness (or spatial clustering). As suggested by its name, spatial exposure (spatial isolation) captures how likely it is for a member of one group to encounter a member of another group (the same group) in their local environments. On the other hand, spatial evenness (clustering) captures how evenly (unevenly) distributed are groups in the urban space. between exposure (isolation) and evenness (clustering). Consider families in two income groups, the rich (black dots) and the poor (white dots) and four different spatial arrangements of families in four different cities, each represented in a quadrant of Figure 1 . In which city are rich families more segregated? The answer will depend on the dimension of segregation we are considering.
The rich in the two cities in the upper two quadrants are equally not segregated in terms of evenness/clustering, because they do not concentrate in any particular area within the city. However, they are more isolated in the city on the upper left quadrant, simply because there are less rich families in this city, making it less likely for a member of a rich family to encounter a member of a poor family in her neighborhood. If we are considering the evenness/clustering dimension, the answer will be that the rich are more segregated in the two cities at the bottom quadrants. Note that while moving from a more dissimilar to a more similar percentage of people in different groups should result in higher spatial exposure, the level of spatial evenness can change in either direction, because it depends on the spatial arrangements of the different groups in space.
Thus, unlike the exposure dimension, the evenness dimension of segregation is independent of the initial population composition, a desirable property for inter-city comparisons. We focus on the measurement of segregation measures that capture spatial evenness/clustering.
Lastly, we note that we are focusing in only one of many dimensions of segregation (Massey and Denton, 1988) . In this respect, our measure does not capture the degree of centralization, or the spatial concentration of a certain income group in the central area of the city. Common interpretations related to "center-periphery" city structures (Ruiz-Rivera and van Lindert, 2016) are based in these type of indicators, which require the definition of a unique CBD as point of reference, and the definition of thresholds that divide income classes, which complicates comparisons over time and across cities. Moreover, in our approach we acknowledge the existence of polycentric city structures, which make it hard to interpret centralization measures based on a unique CBD. Our measure is also not meant to capture the concentration of income groups, that is, whether the proportion of land used by a certain income groups is disproportionally low or high compared to its relative share in the population.
Rank-order segregation index
Our choice of measure for income segregation, the rank-order information theory index, is based on income percentile ranks. The measure uses the full distribution of income, is independent of threshold choices and is insensitive to shape-preserving changes in the income distribution (Reardon and Bischoff, 2011) . The measure then captures the extent of residential segregation by income levels, as opposed to capturing changes in income levels (resulting from changes in income inequality) even when no residential sorting takes place as a consequence in the change in income levels (Watson, 2009) . As detailed in Reardon (2011) , it satisfies a wide range of desirable properties for segregation indexes.
We dismiss the use of a "categorical approach", under which income information is split between two different income categories (Pendall and Carruthers, 2003) , because it throws away valuable information on the distribution of income, and because it is sensitive to the choice of income threshold (Reardon and Bischoff, 2011, Watson, 2009 ).
The rank-order information theory index captures the ratio of within-unit income rank variation to overall income rank variation (Reardon and Bischoff, 2011) . It is basically a weighted sum of all possible pair-wise income segregation indices. More specifically, let p denote percentile ranks in a given income distribution. The pair-wise information theory index H is defined as:
where t j is the population in the local environment j, T is the total population in the urban area, and E is the entropy of the total population given by E(p) = plog 2
. The rank-order information theory index is defined as:
The H index varies between 0 and 1, where 0 means there is no segregation (i.e., the income distribution of each local environment is exactly equal to that of the city), and 1 means there is maximum segregation (i.e., each local environment is composed of individuals of the same income category). An alternative interpretation of H is how much less income rank variation there is within neighborhoods than in the overall population. In the a-spatial version of the index (denoted hereafter as H A), which we use here, the local environment is defined by the area boundaries. The interpretation of H A is the same as that of H. 4 We then construct an income profile for each urban agglomeration, that is, a curve describing the relationship between H A and the percentage of individuals in each income category. See
Appendix C for methodological details. We use these profiles to define a measure of segregation as experienced by two given income percentiles (Reardon and Bischoff, 2011) : the 10th percentile, representing the segregation of the poor, and the 90th percentile, representing the segregation of the rich. These cut-off points have been used in previous studies analyzing the segregation of the poor and the rich using a similar methodology Reardon, 2014, Chetty et al., 2014) .
We also show results for a different cut-off (20 percent and 80 percent) that may better represent local poverty measures (i.e., those based on poverty lines). Compared to the US, the average value of HA for 2010 is smaller than the value of 0.148 It is important to note that our estimates of the segregation of the poor possibly underestimate the true level of segregation at the bottom of the income distribution because we do not take into account heads of household with zero reported income. The reason to exclude them is that the number of such individuals is much larger in 2010 than in 2000, most likely due to a coding error in the original 2010 census. Table 2 shows the value of the HA indices for the 35 largest cities. When considering all incomes groups, Brasília is the most segregated city (a result already found by Telles (1995) in the 1980s), and Blumenau the least segregated. There is no clear trend in the changes in segregation in these larger cities between 2000 and 2010, as some cities decreased their segregation levels (e.g., Salvador and Brasília), whereas others increased them (e.g., Rio de Janeiro and São Paulo). For income groups, the much higher segregation of the rich is particularly salient in the largest cities, while there is no clear pattern in the relationship between city size and the segregation of the poor.
Urban spatial structure in Brazilian cities
Data
To calculate urban spatial structure measures, we use establishment-level data from the Annual Finally, it is important to notice that these datasets only consider formal jobs and, unfortunately, there is no other source to account informal employment at the enumeration area level.
Since informality is an important feature of Brazilian cities and we can compute it at the city level using population census data, we will control for the informality rate in our empirical strategy.
See Section 5 and Appendix A for further details.
Measuring urban spatial structure
Density
According to Anas et al. (1998) , urban spatial structure refers to the degree of spatial concentration of population and employment within a city, and 'density' is usually used to measure such degree in terms of residents and/or jobs per unit of land. Traditionally this measure has been computed for the whole city, that is, by dividing the number of inhabitants and/or jobs by the area of the city. However, urban spatial structure also refers to the spatial distribution of firms and residences within the city (Horton and Reynolds, 1971) , and the 'overall city density' does not take into account this feature.
Following Duranton and Turner (2016), we can consider both dimensions, the spatial concentration and the intrametropolitan distribution of jobs and/or residents, by computing 'density' at a more local geographical level. In particular, for the case of employment we can compute 'the city average job density in a 1-km radius surrounding each enumeration area' (hereafter 1-km density):
where n is the number of enumeration areas in each Brazilian UA.
While the 1-km density is our main explanatory variable, in some robustness checks we use this local measure using radii of 3, 5, 7 and 10 km. 
Monocentricity vs. polycentricity
Taking into account the location patterns of jobs within cities, they can be classified as 'monocentric', when there is only one employment center or CBD, or as 'polycentric', when there are two or more employment centers (one CBD and one or more subcenters).
For the case of Brazil in 2000 and 2010, we identify the enumeration areas that make up the CBD and the subcenters. Since there is no official definition of CBDs in Brazilian cities, we identify the CBD in each of the UAs as the enumeration area (or group of enumeration areas) with the highest employment density and the highest employment count. Similarly, there is no official definition of employment subcenters. An employment subcenter is a place with a significantly larger employment density than nearby locations that has a significant effect on the overall spatial distribution of jobs. We identify subcenters using the method first We therefore estimate the following population/employment density function:
where density is measured as jobs per square kilometer, and distances are in kilometers. Since our estimates will be based on LWR, we need to define a bandwidth. As McMillen (2001) points out, this is a critical choice because we need a monocentric benchmark. We experiment with alternative window sizes ranging from 1% to 9% and from 10% to 90%. Based on visual inspection, a 50%
window size shows the first monocentric spatial configuration.
Second, for each site, we compute the residual as the difference between the log of real density and the estimated log of density. We then select those that are significantly positive at a 10% level, according to their own standard errors that can vary over space (McMillen, 2001 ). Finally, we will group the selected sites in subcenters when they are contiguous. We use a 'queen' criterion for contiguity: two sites are contiguous if they share at least one point in their boundaries.
We detect the existence of subcenters in 34 and 49 UAs ( Table 3) . On average, the number of subcenters increased from 2.9 to 3.2 and São Paulo is the city with more subcenters (22 and 33 in 2000 and 2010, respectively) ( Table 4) . According to their urban spatial structure, Table 3 shows that polycentric cities are more dense and 2010), and (3) the higher the 1-km density, the higher the number of subcenters.
Other measures
In order to fully characterize the urban spatial structure we also compute other measures.
First, Pereira et al. (2013) propose the 'urban centrality index (UCI)' to measure the degree of monocentricity-polycentricity:
Where LC is the traditional 'location coefficient' that measures the unequal distribution of jobs within each UA, that is, how disproportionately jobs are clustered in a few locations or dispersed (Galster, Hanson, Ratcliffe, Wolman, Coleman, and Freihage, 2001):
where n is the number of enumeration areas in each UA. The range of the LC is zero to 1 -1/n. 
UA jobs )
The minimum value of SSI is zero and indicates that all jobs are concentrated in just one enumeration area. By normalizing with the maximum attainable value of the SSI (SSI max ), the PI can be compared across UAs. The range of PI is zero to one. If PI is zero, all jobs are spatially separated as possible and the distance between them is at its maximum.
The UCI combines the advantages of the LC and the PI: it controls for differences in size and shapes and, as result, allow for comparison across UAs. UCI values range between 0 and 1:
values close to zero are related to a more polycentric spatial configuration, and values close to one to a more monocentric urban spatial structure. Table 3 shows average UCI values of 0.381 in both years and, as a result, the 121 cities are more close to a polycentricity than to monocentricty. When considering the monocentric sample, the UCI value reduces indicating that these monocentric cities became more disperse between 2000
and 2010. On the other hand, polycentric cities increase their UCI value and, as a result, these cities are becoming more concentrated around their employment subcenters and around their CBD (with (new) subcenters near the CBD). Table 4 also shows big differences between the largest cities: while the most polycentric city is São José dos Campos (its jobs are highly concentrated around its unique subcenter and its CBD), the least polycentric UA is Manaus (with 1 and 3 subcenters in 2000 and 2010, respectively).
Among the monocentric cities, jobs are more concentrated (around the CBD) in Ribeirão Preto than in Sorocaba.
We also use the weighted average distance from the CBD (ADC) to measure the degree of centralization, that is, the extent to which employment is concentrated near the CBD (Galster et al., 2001): Table 3 shows that all 121 cities are highly centralized: on average, jobs are located 9.9 and 10.1 km from the CBD in 2000 and 2010, respectively. According to their urban form, monocentric cities are more centralized and, at the same time, they decentralized between 2000 and 2010 (from 8 to 9.3 km from the CBD). On the contrary, polycentric UAs are more decentralized but became more centralized between 2000 and 2010 (from 14.5 to 11.2 km). These trends are in line with UCI trends: monocentric cities are becoming more disperse/decentralized, and polycentric cities are becoming more concentrated/centralized with (new) subcenters located closer to the CBD. Once again, it is important to notice the important differences between cities within the monocentric and polycentric samples as shown by the high standard deviations in ADC values. Table 4 also highlights these big differences between the largest cities: while Aracaju (polycentric with one subcenter) is the most centralized city, Cuiabá (which became monocentric in 2010)
is the most decentralized. 
Econometric approach
Expectations on empirical estimates
Previous studies have attempted to establish a relationship between observed city-level values of income segregation and city characteristics, such as city size, population density and income inequality (Pendall and Carruthers, 2003, Wheeler, 2008) . Based on the theoretical predictions outlined in Section 2, our aim is to establish whether urban spatial structure has an independent role in determining income segregation levels. According to the models discussed, the main driving force behind this relationship is the competition for proximity to existing economic opportunities among individuals with varying income levels. Lower commuting costs, preference for more housing space, higher service provision, more decentralized amenities, and a more decentralized pattern of employment are opposing forces to the expected effect of urban spatial structure on income segregation.
Clearly, the scale of existing economic activity is a key factor mediating the relationship between urban spatial structure and income segregation. Access to economic centers typically decreases as population expands while economic activity remains concentrated and transport provision remains constant. For this reason, it can be expected that for small cities in which commuting costs to a unique center remain relatively low, there is a weaker impact of urban spatial structure on income segregation levels. For medium-sized cities, the expectation is that larger local density levels are related to larger levels of income segregation, as there is tighter competition for access to economic opportunities between firms and households of different income levels. The positive impact of local employment density on income segregation can reach its maximum level in cities where the tight locational competition is exacerbated by policies restricting the availability of housing at accessible locations, and/or a lack of provision of public services, transport and amenities outside the main center. After a certain scale is reached, congestion effects at the unique center start dominating, and the emergence of new economic (sub)centers acts as a release on the clustering of households of similar incomes in particular neighborhoods.
The way in which urban spatial structure impacts segregation levels at the top and bottom of the income distribution is determined by a combination of varying degrees of residential mobility and the availability of housing catering different income groups. The fact that higher income levels are associated with a higher degree of residential mobility implies that many of the dynamics underlying the impact of urban spatial structure on income segregation levels are driven by residential mobility decisions of higher income households. In other words, concentrations of high-income households in a few neighborhoods is likely to be the outcome of locational bidding, while concentrations of lower income households may be the result of low residential mobility. As cities get larger, the very same high degree of residential mobility at the top of the income distribution can be behind a fall in income segregation levels, as higher income households disperse across multiple locations in the city, while the low residential mobility of lower-income households can have the opposite effect, as lower income households remain clustered in few areas.
The extent to which these relationships hold can help understand what kind of city configurations are more conducive to more inclusive cities, and serve as a framework to understand the possible role of policies affecting accessibility and availability of housing across income groups on income segregation. Given that predictions of the effect of urban spatial structure on income segregation are expected to vary with the degree of monocentricity, city size and income group, in the empirical application we present separately the results for these dimensions, after presenting the result for the base average case.
Specification
After obtaining our measures of income segregation and urban spatial structure, we turn to our research questions: holding other factors constant, which is the effect of the urban spatial structure on income segregation?
To answer this question, we use data for 2000 and 2010 to regress the log of HA on the log of urban form variable/s:
Since urban spatial structure variables are computed for formal jobs (because of data availability), we first control for the share of informal jobs (%) in the UAs in 2000 and 2010 (Informality) (see Appendix A for further details). Furthermore, we also control for differences in the degree of income Inequality in the cities by including the log of Gini index 6 and the log of per capita income in 1990 and 2000.
We add controls for Geography such as the total area (km 2 ) of the city, a dummy for UAs located on the coast, and a dummy for cities located on semi-arid regions. Following Da Mata, Deichmann, Henderson, Lall, and Wang (2007), we control for planning policies by adding the share of population in municipalities within the UA with land zone law (%).
We also include controls for Demography such as the share of population above 55 years old (%), the share of population below 25 years old (%), and the share of migrants (%) in 1990 and
2000.
Finally, we control for Industrial composition with the share of jobs in manufacturing (%) and the share of jobs in services (%) in 1990 and 2000.
Summary statistics for the segregation index and the urban spatial structure variables were previously discussed and are in Tables 1 and 3 . Descriptive statistics for our controls variables are in Appendix A Table D .2.
Endogeneity
We fear for some sources of endogeneity in the relationship running from urban spatial structure to segregation, in particular for our main explanatory variable, the 1-km employment density.
To address these concerns, our empirical strategy rely on instrumental variables (IV) techniques in which we instrument the 1-km job density with the overall city job density. and Viladecans-Marsal (2015) and Garcia-López, Hemet, and Viladecans-Marsal (2017a,b), the exogeneity of historical instruments hinges on having an appropriate set of controls, geography and history variables in particular. In our case, we add controls for geography, but also inequality, demography and industrial composition variables computed using historical values (1990 and 2000).
Results
Does employment density affect income segregation?
To study the impact of urban spatial structure on income segregation, we first investigate whether higher local employment densities increase or reduce income segregation levels. To do so, we use Eq. (4) to estimate the effect of 1-km job density on our HA index. In columns 2-8, we instrument local density with the overall UA density lagged t − 30 years. Column 2 includes the 1-km density and state and year fixed-effects, column 3 adds controls for income and inequality, column 4 adds geography, column 5 adds demography, and column Now we consider alternative computations of job density and alternative measures of urban spatial structure. The idea is to check the robustness of the above results and, in particular, to test whether other aspects of the urban spatial structure also matter. Table 6 reports TSLS results when we compute the local job density for different radii (columns 1-4) and when we combine our preferred local density measure (1-km) with other urban spatial structure variables used in the empirical literature (see Section 4): the weighted average distance from the CBD (columns 5 and 8), the job population ratio (columns 6 and 8), and the urban centrality index (columns 7 and 8). For the case of alternative local density variables, their estimated coefficients decrease with 7 Alternatively, we also estimate a 2000-2010 changes on 2000 levels version of Eq. (4) to account for potential path dependence issues and the results hold. Similarly, as explained in Section 3, our segregation index is computed using information for the head of household because income of other household members is only available for 2010. the radius of the density variable, but, in general, they are in line with our preferred estimate in column 6 Table 5 : higher local densities increase income segregation.
When combining the 1-km density with alternative urban form variables, the estimated coefficient for the 1-km density remains positive and similar to our preferred estimate in column 6 Table 5 . Among the alternative urban spatial structure variables, only the urban centrality index is significant (columns 7 and 8). Its negative estimated coefficient indicates that a higher degree of monocentricity decreases income segregation. In the following analyses we study the impact of urban spatial structure on income segregation using both significant variables: the 1-km job density, to consider the effect of local density conditions, and the urban centrality index, to consider the effect of the intrametropolitan distribution of jobs in a monocentric or polycentric context. Tables 5 and 6 show that density increases income segregation. At the same time, a more monocentric configuration, that is, an employment location pattern more centralized around the CBD, reduces income segregation.
As a whole, TSLS results in
Does monocentricity-polycentricity foster income segregation?
Descriptive statistics in Section 4 show the existence of monocentric and polycentric cities, and, in particular, the clear relationship between higher densities and a polycentric location pattern.
Since the type of urban spatial structure and the above mentioned relationship might affect the estimated coefficients for the 1-km density and the urban centrality index, we now turn our attention to study whether previous results hold when we separately consider both urban forms. Table 7 reports TSLS results when we separately study monocentric (columns 1-2) and polycentric (columns 3-4) cities. For both types of cities and conditional on the full set of control variables, columns 1 and 3 includes the 1-km job density, and columns 2 and 4 adds the urban According to the type of employment location pattern, the local density still show a positive and significant impact on income segregation. However, the effect is significantly smaller for polycentric cities than for monocentric ones: a 10% increase in the 1-km job density increases income segregation by 7% in monocentric cities and only by 3% in polycentric cities.
Similarly, the effect of the urban centrality index differs between urban forms: while it is no significant for monocentric cities, it is positive and significant for polycentric cities. This latter result implies that a higher degree of polycentricity (i.e., a lower value for the urban centrality index) reduces income segregation. In other words, in polycentric cities like Sao Paulo the more the employment is clustered around the subcenters and far from the CBD, the more income segregation decreases.
Jointly, the 1-km job density and the urban centrality index results clearly show that urban spatial structure plays an important role on city's income segregation. Notes: All regressions include state and year fixed-effects. Robust standard errors clustered by UA are in parenthesis. a , b , and c indicates significant at 1, 5, and 10 percent level, respectively.
Does city size matter?
Since our sample has a high degree of heterogeneity in city population size and, in particular, since descriptive statistics in Sections 3 and 4 also show a clear relationship between city size and income segregation and between city size and urban spatial structure, we now investigate the effect of the 1-km density and the urban centrality index for different city sizes. Table 8 shows TSLS results for different city size subsamples and urban spatial structures.
Column 1 considers only cities with less than 100,000 inhabitants. These smaller cities are all monocentric. The estimated coefficients for the 1-km density and the urban centrality index are insignificant.
In columns 2-4, we study UAs with population between 100,000 and 700,000 inhabitants. When we jointly consider both urban forms (column 2), only the 1-km density is significant and positive (0.591). According to their urban spatial structure, the effect of 1-km density increases to 0.745 in monocentric cities (column 3), and reduces to 0.436 in polycentric UAs (column 4). Furthermore, both urban forms also differ in their effect of the urban centrality index. For monocentric cities, the estimated coefficient is negative and significant (-0.092), and show that an increase in their urban centrality index (i.e., an employment location pattern more centralized around the CBD than disperse) reduces income segregation. On the other hand, the estimated coefficient is positive and significant (0.149) for polycentric cities and show that a reduction in the urban centrality index (i.e., employment concentrated around subcenters and located far from the CBD) reduces income segregation.
Finally, column 5 includes cities with more than 700,000 inhabitants. With the exception of Cuiabá and Sorocaba, these cities are polycentric. Now the estimated coefficient for the local density is negative and significant: a 10% increase in the 1-km density decreases income segregation by 0.9%. Furthermore, an increase in the degree of polycentricty (measured by a lower urban centrality index), also helps to reduce income segregation. 
Notes: Robust standard errors clustered by UA are in parenthesis. a , b , and c indicates significant at 1, 5, and 10 percent level, respectively.
To sum up, these results show that the effects of local density and of the urban centrality index depend on the size of the city (inhabitants) and on the urban form. For the case of the 1-km density: (1) there is no effect related to smaller (monocentric) cities, (2) it appears in medium size cities by increasing income segregation and it is smaller in polycentric cities, (3) an increase of local densities reduces income segregation in large (polycentric) cities. For the case of the urban centrality index: (4) medium and large cities may reduce their income segregation by increasing their degree of monocentricity (i.e., with jobs more clustered in and around the CBD) or by increasing their degree of polycentricity (i.e., with jobs clustered in and around their subcenters and located far from the CBD).
Do income groups matter?
We turn our attention to the different income groups. As shown in Section 3, the level of segregation increases with income levels, so that in most cities the rich are far more segregated than the poor. At the same time, while there was a reduction in the segregation of the rich between 2000 and 2010, there was an increase in the segregation of the poor. Table 9 shows TSLS results for the poor (Panel A) and the rich (Panel B). Column 1 considers all cities in the sample and, in both cases, shows that, on average, only local density is significant:
a 10% increase in the 1-km density of jobs increases segregation of the poor and of the rich by a 4%. Column 2 reports results for the smaller (monocentric) cities. While the urban centrality index remains not significant, job density significantly affects segregation of the rich, but not of the poor.
Results for medium size cities (columns 3-5) show that, on average, a 10% increase in the 1-km density increases segregation by a 5-6% (column 3). However, this effect is higher in monocentric cities (column 4) than in polycentric UAs (column 5). When comparing the poor and the rich, the density effect is similar between the two groups in monocentric cities, whereas it is higher and only significant for the poor in polycentric cities. The urban centrality index is only significant for polycentric UAs and it shows that an increase in the degree of polycentricity reduces segregation of both income groups.
Finally, urban spatial structure seems to differently affect the segregation of the rich and of the poor in the large (polycentric) cities: while local density conditions increase the segregation of the poor, a more polycentric configuration reduces the segregation of the rich.
As a robustness check, Table E .2 in Appendix E reports results when considering a different definition of the poor (20th percentile) and of the rich (80th percentile). While on average results holds, there are a couple of differences that need to be commented: (1) the density effect is always higher for the poor than for the rich in medium size and large cities; (2) an increase of density reduces segregation of the rich and it does not affect segregation of the poor in large cities; (3) medium size monocentric cities can reduce segregation of the poor by increasing their degree of monocentricity (with more jobs centralized in and around the CBD).
Conclusions
We have analyzed the relationship between income segregation, or the degree of unevenness in the distribution of households by levels of income within cities, and urban spatial structure, or the degree of spatial concentration of employment and its distribution in the urban space. Coming back to our first question, 'Does employment density affect income segregation?', we find that higher local employment densities lead to higher levels of average income segregation. This effect depends on city size and the level of monocentricity: the effect is not significant in small cities with a unique center, strongest in medium sized cities with a high degree of monocentricity, and opposite in larger cities that are more polycentric.
Regarding our second question, 'Does monocentricity-polycentricity foster income segregation?', we find that the positive effect of local employment density on income segregation is smaller in cities with a polycentric structure. What is more, in polycentric cities with employment subcenters located far from the CBD, we find that local employment density actually decreases income segregation. This result holds when we study the relationship for the segregation of the rich, but it is actually opposite when considering the segregation of the poor.
These results can be interpreted in the light of urban theoretical models. Small cities are characterized by relatively low levels of income segregation and high levels of employment density and monocentricity, reflecting the fact that at small sizes commuting costs are relatively low, making competition for location near the unique center less intense both for households and firms.
As cities grow, the competition for proximity to an existing employment center intensifies, raising land prices for both firms and households. How households of certain income levels and firms react to this increased competition will depend on their valuation of local amenities (which may be highly concentrated around the unique employment center), and how much firms value proximity to these local amenities and to other firms. According to our results, the effect of local employment density on income segregation has its peak in medium sized cities with a monocentric structure, meaning that under these conditions, a higher local density of employment leads to more homogeneous neighborhoods in terms of their income composition.
In larger cities, high rental prices and congestion costs in central locations ultimately lead to a deconcentration of employment. This process is also accompanied by a relocation of households of different income levels that adjust their residential location to their valuations of proximity to old and new employment centers and local amenities. When cities reach a polycentric structure with subcenters also present in areas outside the historical CBD -reflecting for instance the availability of public and transport infrastructure outside central areas -, increases in local employment density lead to more heterogeneous neighborhoods in terms of income composition. According to our results, this increased heterogeneity that accompanies the emergence of subcenters far away from the CBD occurs because of a lower segregation of households at the top of the income distribution. For those at the bottom of the income distribution, increased levels of local employment density under a polycentric structure still lead to higher segregation levels, perhaps reflecting the low residential mobility of those at the bottom of the income distribution and their inability to bid for locations where households in higher income levels locate, and the presence of alternative sources of informal employment.
From a policy point of view, our results suggest that income segregation is directly related to the intrametropolitan location pattern of firms. Holding other factors constant (e.g., the benefits of agglomeration economies), policies fostering more concentration of jobs in and around the CBD and, in particular, in and around employment subcenters located far from the CBD (i.e., a more polycentric spatial structure) might help to alleviate income segregation in Brazilian cities.
The question that arises is how to modify the urban spatial structure and, in particular, how to promote polycentricity. While the literature on this topic is still scarce, recent research shows that the emergence of local job density peaks that eventually become employment subcenters is related 
Geoprocessing of census data
The 
Geoprocessing of RAIS data
In order to geolocate firms, we find the best match of the postal address of each firm to a corresponding address and in this way allocate each firm to an enumeration area, where possible.
We then sum the total number of employees in each enumeration area.
In more detail, we start by cleaning and fixing typos and errors, and creating standard denominations for street types, abbreviations, and the like in the original RAIS database. We then create a string for each firm containing the street name and number (i.e., we remove information related to apartment/house/office/floor numbers and other specifics). To match the addresses in the CNEFE database and these strings, we then use the amatch function from the package stringdist in R (R Core Team, 2015) using an OSA matching algorithm for optimal string alignment distance, with a tolerance of 30% difference with the total number of characters in each case.
After assigning one employee to firms with zero employees, we could geolocate 18'582,545
workers of a total of 22'163,453 employees in the original RAIS 2000 database located in municipalities belonging to 121 UAs (i.e., 83,8% of the total), and 26,733,918 workers in 121 UAs, out of 33'582,123 (79,4%) in 2009. The performance by UAs is between 75% and 90% in most individual cases, with the exception of Brasília, for which we could geo-locate approximately 50% of employees of the RAIS. This is due to exceptionally low quality in address data in both the RAIS and CNEFE databases.
Informality rate by UA
We use microdata from the census sample (amostra) to construct the informality rate by UA.
To calculate the rate, we aggregate the number of informal workers in each UA, and divide it by the total number of workers (i.e., the sum of formal and informal workers 
Appendix B. A-spatial versus spatial segregation indices
The spatial rank-order segregation indicesH rely on surface-based smooth density approximations that allow adjusting for the spatial extend of local neighborhoods, instead of relying on ad hoc boundaries (Reardon and O 
Appendix C. Income profile estimation
To illustrate how we obtain the rank-order indices, Figure C .1 shows a fractional polynomial fitted to the values of the a-spatial rank-order HA index by income percentiles for three selected cities.
Clearly, the level of segregation increases with income. In the three cases, the segregation of the rich (HA(0.9)), that is, the value of the fitted line for p = 0.9, more than doubles the value of segregation of the poor (HA(0.1)). 
Appendix E. Robustness checks
Results for 2010 HA computed with households information 
Results for alternative definitions of the poor and the rich
